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TITLE: SYSTEM AND METHOD FOR CONTROLLING THE SPEED OF A 
GAS TURBINE ENGINE 



FIELD OF THE INVENTION 

5 

The present invention relates generally to the field of 
combustion turbines. More specifically, the present 
invention relates to a novel system and method for 
controlling the speed of a gas turbine engine during load 
10 transients. Although the present invention may find 
particular utility in the field of turbine-powered trains, 
and will be described in relation to such equipment, the 
invention can also be applied to combustion turbines having 
other uses. 

15 

BACKGROUND OF THE INVENTION 

In recent years, a sleeker and more lightweight train has 
become popular, notably the turbine-powered train. The 
20 turbine-powered train is conceived on aerodynamic 
principles and is powered by an aircraft-type gas turbine 
engine, making it lighter, faster and quieter than 
conventional trains. 

25 In a modern gas turbine engine, the engine produces its 
own pressurized gas, and does this by burning a fuel. The 
heat that comes from burning the fuel expands air, and the 
high-speed rush of this hot air spins the turbine. A 
simple gas turbine engine has a compressor, a combustor 

30 and a turbine. A rotating compressor draws in air from the 
atmosphere, pressurizes it, and forces it into the 
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combustor (i.e. the furnace) in a steady flow. Fuel, such 
as oil, natural gas or pulverized coal, is forced into the 
air and burns, raising the temperature of the mixture of 
air and combustion products, thereby increasing the heat 

5 energy. This high-energy mixture then flows through the 
turbine, dropping in pressure and temperature as it drives 
the moving blades and develops mechanical energy. The 
spent gases then leave at atmospheric pressure but at high 
temperature. The turbine drives the compressor rotor 

10 through a shaft and also an external load through the load 
coupling . 

Train accessories may be driven mechanically by an 
accessory drive shaft and gearbox connected directly to 

15 the turbine shaft. The mechanical connection from the 
turbine shaft may be through an engine-mounted gearbox or 
through a power takeoff shaft to a remotely mounted 
gearbox. Examples of such train accessories include: 
tachometers, generators (alternators) , hydraulic pumps, 

20 fuel pumps, oil pumps, fuel controls, starters, etc. 

Typically, the turbine engine turns a high-speed 
generator, producing electricity. Power from the 

generator is then provided to one or more variable-speed 

25 electric motors, which drive the wheels of the train. 
When the train is in motion, various different 
unpredictable situations may cause load transients to be 
experienced by the turbine engine, for example wheel slip 
or emergency breaking. 

30 As is well known, in cases where the turbine engine sees 
its load decrease significantly, the turbine engine will 
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have a tendency to speed up and may reach speeds in excess 
of the rated maximum speed for the engine (commonly 
referred to as overspeed mode) . This overspeed mode is 
undesirable since it can be damaging to the turbine 
5 engine, which operates most efficiently for a constant 
rather than a fluctuating load. 

In existing turbine-powered trains, a common solution to a 
detected overspeed mode is to shut-off the turbine engine, 

10 after which the turbine engine has to be re-started, 
Unfortunately, repeated shutting off and re-starting of a 
turbine engine inevitably causes wear to the turbine 
engine, thus reducing the active lifetime of the turbine 
engine. Furthermore, since it can take several seconds to 

15 re-start a turbine engine, having to re-start the turbine 
engine each time a severe wheel slip occurs may prove to 
be quite impractical, especially when the track conditions 
are such that such wheel slips occur repeatedly and at 
short intervals. 

20 

In another solution, the fuel delivery to the turbine 
engine is controlled, whereby this fuel delivery is 
decreased or completely halted upon detection of a 
significant load decrease, for preventing over-revving of 

25 the turbine engine. Unfortunately, because of the risk of 
surge of the turbine compressor, a time lag must exist 
between detection of the load transient and the decrease 
in fuel delivery to the turbine engine, and the turbine 
engine may still increase in speed during this time lag. 

30 Furthermore, controlling the fuel delivery to the turbine 
engine does not prevent having to repeatedly decrease and 
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increase the speed of the turbine engine, which will 
inevitably cause more wear to the turbine engine than 
maintaining the turbine engine at a constant speed. 

5 In light of the foregoing, a need clearly exists in the 
industry for an improved system and method for controlling 
the speed of a turbine gas engine during load transients. 

SUMbdARY OF THE INVENTION 

10 

As embodied and broadly described herein, the present 
invention is directed to a system and method for 
controlling the speed of a turbine engine. 

15 In a broad aspect, the invention provides a method for 
controlling the speed of a turbine engine, the turbine 
engine being operative to provide power to a primary load. 
When a decrease in the power requirement of the primary 
load is detected, at least a portion of the power 

20 generated by the turbine engine is redirected to a 
secondary load, thereby maintaining the speed of the 
turbine engine below a rated maximum speed. 

In another broad aspect, the invention provides a system 
25 for controlling the speed of a turbine engine providing 
power to a primary load. The system is operative to 
maintain the speed of the turbine engine below a rated 
maximum speed, by applying a secondary load to the turbine 
engine when a decrease in the power requirement of the 
30 primary load is detected. 
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In yet another broad aspect, the invention provides a 
system for controlling the speed of a turbine engine 
operative to provide power to a primary load. The system 
includes a controller unit capable to detect a decrease in 
5 load demand on the turbine engine by the primary load. 
The controller unit is responsive to this decrease in the 
load demand on the turbine engine by the primary load to 
cause a secondary load to apply a respective load demand 
on the turbine engine. 

10 

In a specific, non-limiting example of implementation of 
the present invention, the novel method and system is 
implemented onboard a turbine-powered train, the turbine 
engine providing power to electric traction motors driving 

15 the wheels of the train. When a wheel spin is detected, 
at least a portion of the power generated by the turbine 
engine is diverted from the respective electric traction 
motor to rheostats for conversion to heat, such that a 
substantially constant load is maintained on the turbine 

20 engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed description of examples of implementation of 
25 the present invention is provided hereinbelow with 
reference to the following drawings, in which: 

Figure 1 is a side plan view of an example of the general 
arrangement of the locomotive of a turbine-powered train; 

30 

Figure 2 is a system-level view of the locomotive of 
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Figure 1, in accordance with an embodiment of the present 
invention; 

Figure 3 is a block diagram of a simplified control 
5 circuit corresponding to the system-level arrangement 
shown in Figure 2; 

Figure 4 is a flowchart depicting a method for controlling 
the speed of the turbine engine shown in Figures 1-3, in 
10 accordance with an example of implementation of the 
present invention; and 

Figure 5 is a flowchart depicting a method for controlling 
the speed of the turbine engine shown in Figures 1-3/ in 
15 accordance with a variant example of implementation of the 
present invention. 

In the drawings, embodiments of the invention are 
illustrated by way of example. It is to be expressly 
20 understood that the description and drawings are only for 
the purposes of illustration and as an aid to 
understanding, and are not intended to be a definition of 
the limits of the invention. 

25 DETAILED DESCRIPTION 

A novel system and method for controlling the speed of a 
gas turbine engine is described herein, particularly for 
use in controlling engine speed during load transients. 
30 Before describing the particular features of the present 
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invention, consider first an overall description of the 
operating environment for the invention, namely a turbine- 
powered train. Although the invention is set forth in 
relation to turbine-powered trains, it should be 
5 understood that the invention has a wider range of 
application. 

Figure 1 depicts a side plan view of an example of the 
general arrangement of the locomotive railcar of a 

10 turbine-powered train. The locomotive railcar carries 
various different pieces of equipment and machinery 
assemblies, including: a gas turbine engine 100, a turbine 
exhaust duct 102, a fuel tank 104, a gearbox 106, 
alternators 108, an alternator blower 110, air reservoirs 

15 112, rheostatic grids 114, batteries 116, turbine power 
and controls 118, traction motors (not shown), traction 
blowers 120 and pneumatic brake controls (not shown) , 
among others. Note that the traction motors are not seen 
in the side plan view of Figure 1 because they are hidden 

20 behind bogey frames 122. Similarly, the pneumatic brake 
controls are hidden behind the air reservoirs 112. 

In use, the turbine engine 100 drives alternators 108 in 
order to produce electricity for the various equipment and 
25 assemblies of the locomotive railcar, including in 
particular the electric traction motors that drive the 
wheels 124 of the locomotive railcar for moving the train 
along the tracks. 

30 Figure 2 illustrates a system-level block diagram of the 
locomotive railcar, specifically the power generation 200, 
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propulsion 202 and electric braking 204 systems of the 
locomotive, in accordance with an embodiment of the 
present invention. Figure 3 is a block diagram of a 
simplified control circuit corresponding to the system- 
5 level arrangement shown in Figure 2. 

The power generation system 200 includes but is not 
limited to the gas turbine engine 100, the turbine 
controller 118, the gearbox 106 and the alternators 108. 

10 Together, these components operate to generate electrical 
energy for powering the locomotive, and thus the train. 
Since such a power generation system has been well 
documented and is well known to those skilled in the art, 
its structure and functionality will not be described in 

15 any further detail. 

The propulsion system 202 includes but is not limited to 
several electric traction motors 206. Each electric 
traction motor 206 is connected via a shaft to the gearbox 

20 of a respective axle 208, which has a gear train that 
rides on the axle 208 itself and transfers power to a 
respective pair of wheels 124 of the locomotive. A sensor 
210 continuously monitors both the speed of the respective 
traction motor 206 and the current drawn thereby, as will 

25 be discussed in further detail below. Since such a 
propulsion system has been well documented and is well 
known to those skilled in the art, its structure and 
functionality will not be described in any further detail. 

30 In the example of Figures 2 and 3, the propulsion system 
202 has four traction motors 206 for controlling the 
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wheels 124 of the train. However, the propulsion system 
202 may be provided with more or less electric traction 
motors 206 without departing from the scope of the present 
invention. 

5 

When the train is in motion, the group of electric 
traction motors 206 form a primary load for the turbine 
engine 100, which must generate enough power to be able to 
meet the power requirements of each one of the traction 
10 motors 206 . The power requirement of a particular 
traction motor 206 corresponds to an amount of current 
required by the particular traction motor 206 in order to 
be able to generate sufficient torque for driving the 
respective wheels 124 of the train. 

15 

The braking system 204 includes but is not limited to the 
rheostatic grids 114, which are large, air-cooled 
resistors, located on the roof of the locomotive railcar, 
used to dissipate braking power generated by the traction 

20 motors 206 while braking. Although each traction motor 
206 drives and accelerates the train, during braking it 
• acts as an electric generator instead, forming part of a 
circuit that consists of a main resistor (rheostat 114), 
armatures and a field system. Electricity flows through 

25 the circuit and is consumed by the rheostat 114, which 
converts the kinetic energy of the train into heat and 
thereby acts as a brake. Rheostatic brakes, also known as 
dynamic brakes, are commonly used on high-speed trains to 
absorb braking energy for stopping the train from full 

30 speed or for reducing the speed of the train. A chopper 
212 is associated with each rheostat 114, and acts as a 
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switch in that it is operative to interrupt electric 
current at short regular intervals. In a specific 
example, the choppers 212 are implemented by Insulated 
Gate Bi-polar Transistor (IGBT) switches. Thus, each 
5 chopper 212 is used to modulate the effective resistance 
of each respective rheostat 114 for varying the braking 
effort by the rheostat 114. Since such a braking system 
has been well documented and is well known to those 
skilled in the art, its structure and functionality will 
10 not be described in any further detail. 

In the example of Figures 2 and 3, two rheostatic grid 114 
and chopper 212 assemblies are provided, each one being 
connected to a respective pair of traction motors 206 via 
15 a DC bus, for use during braking of the train. Note that 
the braking system 204 may include more or less rheostatic 
grid 114 and chopper 212 assemblies, without departing 
from the scope of the present invention. 

20 A propulsion controller unit 214 implements control logic, 
and exchanges and monitors signals over various different 
DC buses. These DC buses connect the various components 
of the power generation system 200, propulsion system 202 
and electric braking system 204, and allow the propulsion 

25 controller unit 214 to control the driving and braking 
operation of the train. In a specific example, the 
propulsion controller unit 214 is implemented in software, 
as a central processing unit. Alternatively, the 
propulsion controller unit 214 may be implemented in 

30 hardware. The functionality of such a locomotive 
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controller unit is also well known to those skilled in the 
art and, as such, will not be described in detail. 

Specific to the present invention, the propulsion 
5 controller unit 214 is operative to control the speed of 
the turbine engine 100 during transients in the primary 
load applied thereto. More specifically, the propulsion 
controller unit 214 implements a mechanism for maintaining 
the speed of the turbine engine 100 below a rated maximum 
10 speed during periods of sudden decrease in the power 
requirement of one or more of the electric traction motors 
206. 

Note that the rated maximum speed of the turbine engine 
15 100 is predetermined in accordance with the specifications 
of the particular turbine engine 100 model, and 
corresponds to the speed at or above which the turbine 
engine 100 must be shut-down in order to avoid damage to 
the turbine engine 100. 

20 

Typically, a decrease in the power 'requirement of a 
traction motor 206 occurs as a result of either a wheel 
spin, in which case the load on the traction motor 206 
itself significantly decreases, or as a result of 
25 emergency braking of the train. In either case, the 
traction motor 206 requires less current for operation, 
and the effective primary load applied to the turbine 
engine 100 decreases. 

30 Upon detecting such a decrease in the power requirement of 
one or more of the traction motors 20 6, the propulsion 
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controller unit 214 is operative to redirect at least a 
portion of the power generated by the turbine engine 100 
to a secondary load, distinct from the traction motors 
206. The selection of the secondary load, in terms of the 
5 size and thus power requirements thereof, is determined by 
the propulsion controller unit 214 such as to maintain the 
total load applied to the turbine engine 100 substantially 
constant . 

10 Advantageously, since the turbine engine 100 detects a 
more or less constant load, even during periods of 
decreased power requests from one or more of the traction 
motors 206, the speed of the turbine engine 100 remains 
below the rated maximum speed of the turbine engine 100. 

15 As a result, the turbine engine 100 does not have to be 
shut off and restarted, thus preventing wear to the 
turbine engine 100. 

Alternatively, the selection of the secondary load is 
20 determined by the propulsion controller unit 214 such as 
to maintain the total load applied to the turbine engine 
100 within a predetermined tolerance range. In a specific 
example, the propulsion controller unit 214 is operative 
to ensure that the total load applied to the turbine 
25 engine 100 is never more than 20% less than the primary 
load normally applied by the traction motors 206. Note 
that this tolerance range is predetermined in accordance 
with the specifications of the particular turbine engine 
100 model, and corresponds to the variation in load that 
30 the turbine engine 100 can tolerate while still 
maintaining its speed below the rated maximum speed. 
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The amount of power drawn by the secondary load applied to 
the turbine engine 100 by the propulsion controller unit 
214 is proportional to the decrease in power required by 

5 the one or more traction motors 206. In a specific 
example, the amount of power drawn by the secondary load 
is equal to the decrease in power required by the one or 
more traction motors 206, such that the speed of the 
turbine engine 100 remains substantially constant during 

10 operation of the train. 

The secondary load may be implemented by any piece of 
equipment of the locomotive that is independent from the 
electrical traction motors 206 and that either requires 
15 electrical power for operation or can dissipate or 
accumulate such power. Examples of locomotive equipment 
that may serve as the secondary load include batteries, 
accumulators, condensators and a flywheel, among many 
other possibilities. 

20 

In the specific, non-limiting example shown in Figure 2, 
the secondary load is implemented by the rheostatic grids 
114 of the locomotive. Thus, when the propulsion 
controller unit 214 detects a decrease in the power 
25 requirements of one or more of the traction motors 206, 
the propulsion controller unit 214 will redirect at least 
a portion of the power generated by the turbine engine 100 
to the rheostatic grids 114, which will convert this 
energy into heat. 

30 
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In a specific, non-limiting example of implementation of 
the present invention, the propulsion controller unit 214 
implements the mechanism described above on the basis of 
measurement signals received from a sensor unit, the 
5 latter regrouping the sensors 210 seen in Figure 2. With 
reference to the flowchart of Figure 4, at step 400 each 
sensor 210 determines the speed and the load of the 
respective traction motor 206 by measuring its rotor speed 
and stator current. On the basis of the measured rotor 

10 speed and stator current, the sensor 210 next generates 
one or more measurement signals and transmits these 
measurement signals to the propulsion controller unit 214 
at step 402. From the measurement signals, the propulsion 
controller unit 214 can determine the acceleration of each 

15 traction motor 206, as well as the power drawn thereby. 

In a specific example, the measurement signals are 
indicative of a sudden variation in the speed of the axle 
208. This speed variation may be caused by a wheel slip 

20 while braking, resulting in a decrease of the braking 
power generated by the corresponding traction motor 206. 
Alternatively, the speed variation may be caused by wheel 
spin occurring while cruising or accelerating, resulting 
in a decrease of the power drawn by the respective 

25 traction motor 206. The speed variation may also be 
caused by emergency braking, resulting in a sudden 
decrease of power drawn by all traction motors 206. In 
each case, one or more measurement signals sent by the 
sensors 210 to the propulsion controller unit 214 indicate 

30 that a sudden drop in the load of one or more traction 
motors 206 has occurred. Thus, at step 404, the 
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propulsion controller unit 214 determines a decrease in 
the power requirement of one or more of the traction 
motors 206 on the basis of the measurement signals 
received from the sensors 210. 

5 

When the propulsion controller unit 214 detects a decrease 
in the power requirement of a particular traction motor 
206, the propulsion controller unit 214 generates a 
control signal and transmits this control signal to the 
10 appropriate rheostatic chopper 212 at step 406. 

Note that the propulsion controller unit 214 is capable to 
determine the appropriate rheostatic chopper 212 on the 
basis of the particular DC bus over which the drop in 

15 traction motor load occurs. Thus, in the example of 
Figures 2 and 3, when a decrease in power requirement is 
detected for one or both traction motors 126 of a 
particular pair of traction motors 126, the respective one 
of the two rheostatic grid 114 and chopper 212 assemblies 

20 will be used- Alternatively, when a decrease in power 
requirement is detected for both pairs of traction motors 
126, both rheostatic grid 114 and chopper 212 assemblies 
will be used. 

25 At step 408, the rheostatic chopper 212 is responsive to 
the control signal received from the propulsion controller 
unit 214 to apply the respective rheostatic grid 114 as a 
load on the turbine engine 100, thereby drawing at least a 
portion of the energy of the turbine engine 100 to the 

30 rheostatic grid 114 for conversion to heat. 
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Since each rheostatic grid 114 is driven by a chopper 212, 
and this chopper 212 is responsive to control signals 
received from the propulsion controller unit 214 to 
modulate the effective resistance of the respective 
5 rheostatic grid 114 accordingly, the propulsion controller 
unit 214 is able to control the power level of the 
rheostatic grids 114. More specifically, the propulsion 
controller unit 214 is operative to continuously set the 
power level of each rheostatic grid 114, which may vary 

10 from 0 to 100%, on the basis of the decrease in power 
requirement detected at step 404, Thus, the propulsion 
controller unit 214 uses the power requirement of the 
rheostatic grids 114 to compensate for the decreased power 
requirement of the one or more traction motors 206, 

15 thereby ensuring that a relatively constant load is 
maintained on the turbine engine 100. 

Note that the power level of a particular rheostatic grid 
114 corresponds to the amount of power drawn from the 
20 turbine engine 100 by the particular rheostatic grid 114. 

In the specific example where the choppers 212 are 
implemented by IGBT switches, the amount of power drawn by 
each rheostatic grid 114 is modulated using a Pulse Width 

25 Modulation (PWM) method. As is well known to those 
skilled in the art, the IGBT switch opens and closes 
hundreds of times per second, for example 500 times per 
second. Depending on the ratio of time during which the 
switch is closed to time during which the switch is open, 

30 the power level of the associated rheostatic grid 114 can 
be accurately modulated. Specific to the present 
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invention, the propulsion controller unit 214 is operative 
to set this ratio for each IGBT switch, via the control 
signals generated at step 406, thereby controlling the 
power level of the rheostatic grids 114 as applied to the 
5 turbine engine 100. 

The signaling by the propulsion controller unit 214 of a 
rheostatic chopper 212 to apply the respective rheostatic 
grid 114 as a load on the turbine engine 100 can be 
10 effected within a short delay period, for example 0.25 
seconds- Consequently, the drop in load caused by the 
reduced power requirement of a traction motor 206 will go 
undetected by the turbine engine 100. 

15 Note that when one or more rheostatic grids 114 is applied 
as a load on the turbine engine 100 and the propulsion 
controller unit 214 detects a rise in the power 
requirement of a traction motor 206, the propulsion 
controller unit 214 is operative to control the rheostatic 

20 choppers 212 such that the load applied by the rheostatic 
grids 114 to the turbine engine 100 is gradually 
decreased. 

In a variant example of implementation of the present 
25 invention, the propulsion controller unit 214 is operative 
to detect a decrease in the power requirement of a 
traction motor 206 by monitoring the power on the DC buses 
which carry current to and from the traction motors 206. 
If the power on a particular bus falls below a certain 
30 power threshold, the difference between the measured power 
on the particular bus and the power threshold is 
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compensated by applying at least one rheostat 114 as load 
to the turbine engine 100, through modulation of the 
respective chopper 212. Thus, by maintaining a minimum 
power level on each bus, the propulsion controller unit 
5 214 is operative to ensure that the speed of the turbine 
engine 100 never exceeds its rated maximum speed. 

In another variant example of implementation of the 
present invention, the propulsion controller unit 214 

10 implements the mechanism described above on the basis of 
the computed acceleration rate of the turbine engine 100, 
as detailed in the flowchart shown in Figure 5. At step 
500, the propulsion controller unit 214 monitors the speed 
of the turbine engine 100, via sensors not shown in 

15 Figures 2 and 3. These sensors take repeated measurements 
of the speed of the turbine engine 100, and transmit these 
measurements to the propulsion controller unit 214. In a 
specific example, each sensor takes 100 measurements per 
second of the speed of the turbine engine 100. On the 

20 basis of these measurements of the speed of the turbine 
engine 100, the propulsion controller unit 214 is able to 
compute the acceleration rate of the turbine engine 100 at 
step 502. At step 504, the computed acceleration rate is 
compared to a predetemined threshold. If the computed 

25 acceleration rate is above the predetermined threshold, 
the propulsion controller unit 214 generates a control 
signal and transmits this control signal to at least one 
of the rheostatic choppers 212 at step 506. Each 
rheostatic chopper 212 is responsive to this control 

30 signal to apply the respective rheostatic grid 114 as a 
load on the turbine engine 100 at step 508, thereby 
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drawing at least a portion of the energy of the turbine 
engine 100 to the rheostatic grid 114 for conversion to 
heat. 

5 Alternatively, at step 504, the propulsion controller unit 
214 also checks to see whether the speed of the turbine 
engine 100 is above a predetermined value. Only if the 
computed acceleration rate is above the predetermined 
threshold and the speed of the turbine engine is above the 

10 predetermined value will the propulsion controller unit 
214 cause the rheostatic grids 114 to be applied as a load 
on the turbine engine 100. In a specific example, this 
predetermined value of the speed of the turbine engine 100 
is 103% of the rated nominal speed of the turbine engine 

15 100. 

Prior to transmitting the control signal to the rheostatic 
choppers 212 at step 506, the propulsion controller unit 
214 is operative to consult a predefined look-up table on 

20 the basis of the acceleration rate computed at step 502, 
in order to determine the amount of load to be applied by 
the rheostatic grids 114. The greater the computed 
acceleration rate, the greater the load required to be 
applied by the rheostatic grids 114. The predefined look- 

25 up table maps each different acceleration rate of the 
turbine engine 100 to a different amount of power required 
to keep the speed of the turbine engine 100 below the 
rated maximum speed. Once the required amount of power is 
revealed by the look-up table, the propulsion controller 

30 unit 214 is capable to determine the amount of load to be 
applied in rheostatic grids 114, since each rheostatic 
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grid 114 is continuously adjustable up to its maximum 
power level. 

Note that, when the propulsion controller unit 214 
computes an acceleration rate of zero for the turbine 
engine 100, which indicates that the speed of the turbine 
engine 100 is constant, the propulsion controller unit 214 
is operative to control the rheostatic choppers 212 such 
that the load applied by the rheostatic grids 114 to the 
turbine engine 100 is gradually decreased. 

Although various embodiments have been illustrated, this 
was for the purpose of describing, but not limiting, the 
invention. Various modifications will become apparent to 
those skilled in the art and are within the scope of this 
invention, which is defined more particularly by the 
attached claims. 
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